The goal of this study was to investigate the visual spotting hypothesis in 10 experts and 10 apprentices as they perform back aerial somersaults from a standing position with no preparatory jumps (short flight duration condition) and after some preparatory jumps with a flight time of 1s (long flight duration condition). Differences in gaze behavior and kinematics were expected between experts and apprentices and between experimental conditions. Gaze behavior was measured using a portable and wireless eye-tracking system in combination with a movement-analysis system. Experts exhibited a smaller landing deviation from the middle of the trampoline bed than apprentices. Experts showed higher fixation ratios during the take-off and flight phase. Experts exhibited no blinks in any of the somersaults in both conditions, whereas apprentices showed significant blink ratios in both experimental conditions. The findings suggest that gymnasts can use visual spotting during the back aerial somersault, even when the time of flight is delimited. We conclude that knowledge about gaze-movement relationships may help coaches develop specific training programs in the learning process of the back aerial somersault.
In most sport tasks the first visible action is an eye movement to the location of some important feature in the environment (Land & Furneaux, 1997) . Having found it, the eyes fixate on it for a short definition while the visual system extracts information needed to perform the task. Thereafter, the eyes move to the next information rich area in a given situation, generating a complex eye movement pattern that is interconnected with the corresponding movement of the body, is highly task-specific, and differs between performers of different skill levels (Williams, Singer, & Frehlich, 2002) .
The so-called quiet eye can be identified in a wide range of sports with similar perceptual demands (Vickers, 2007) . Quiet eye is a stabilization of the retinal picture during which the gaze is directed at a specific position in the visuomotor workspace for a minimum of 100 milliseconds. It occurs before the final movement of a task, and its onset and offset depend on specific movements in the task. It has been suggested that gymnasts use a similar strategy when performing aerial skills with rotations about one or more body axes (Davlin, Sands, & Shultz, 2004) .
The visual spotting hypothesis states that gymnasts attempt to fixate their gaze on specific locations to enable the visual system to provide orientation information needed in the performance of an aerial skill. These fixations are highly task-specific and strongly interconnected with the kinematics of the skill (Raab, de Oliveira, & Heinen, 2009) . Visual spotting can be seen as a special case of quiet eye because it not only occurs before the final movement of a task but also can recur in several movement phases.
Several authors have suggested that visual spotting is primarily used to provide the athlete with information to control the landing of a somersault (Bardy & Laurent, 1998; Davlin, Sands, & Shultz, 2001b; Hondzinski & Darling, 2001 ; Lee, Young, & Rewt, 1992) . Davlin et al. (2001b) , for instance, found no significant differences in movement kinematics between different visual conditions (i.e., vision during the first or second half of the skill) but observed that landing stability was significantly affected by any loss of vision, with no vision yielding worse performance than reduced vision. More recently, Luis and Tremblay (2008) had 12 experienced acrobats perform back tuck somersaults under four experimental conditions: (1) full vision, (2) vision at angular head velocities below 350 deg/s, (3) vision at angular head velocities above 350 deg/s, and (4) no vision. The angular velocity of the head was calculated in real time, triggering liquid crystal goggles to manipulate vision. The authors showed that all vision conditions resulted in better landing performance than the no-vision condition and concluded that optimal feedback use occurs when there is retinal stability.
Nevertheless, there are three alternative explanations that can-at least in part-explain the aforementioned empirical results of Davlin et al. (2001b) and Luis and Tremblay (2008) . First, from a biomechanical point of view, there is only a defined range of movement patterns that would result in an upright landing position due to the mechanical constraints when airborne (Yeadon, 1997) . The range of movement patterns is furthermore reduced if the time of flight is short when the movement is performed in a more ballistic way (Hecht & Savelsbergh, 2004) . This could explain why Davlin et al. (2001a Davlin et al. ( , 2001b as well as Luis and Tremblay (2008) found significant effects of visual information withdrawal on landing stability but not on other kinematic parameters because visual information could only be integrated in the sensory feedback loop in the latter part of the flight phase due to the rather short movement time (Miall & Wolpert, 1996) .
Second, manipulating visual information pickup could lead to an adaptive gaze behavior, such that athletes are capable of producing an accurate and precise movement pattern that does not differ from their movement pattern under full vision (Raab et al., 2009) . Davlin et al. (2001b) as well as Luis and Tremblay (2008) did not integrate the measurement of gaze behavior in their designs, so one cannot be certain that vision manipulation conditions did not influence gaze behavior compared with a full-vision condition. Therefore some of the authors have argued that further research is needed to measure athletes' gaze behavior during complex skills (Davlin et al., 2004) .
Third, there is additional evidence that athletes' visual systems seem to adapt to training in fast rotations (Hondzinski & Darling, 2001; Von Laßberg, Mühlbauer, & Krug, 2003) . Given that experts generally outperform novices in their spatial orientation ability, experts may either rely to a lesser degree on visual information than apprentices or optimize their visual information pickup in different move-ment phases because they know better "where" to look and "what" to look for (Land, Mennie, & Rusted, 1999; Williams & Davids, 1998 ). An optimization of gaze behavior in experts can often be seen in fewer fixations and higher fixation ratios as compared with apprentices (cf., Vickers, 1992; Williams & Davids, 1998) .
In summary, performing an aerial movement with rotations about one or more body axes places specific demands on athletes' spatial orientation. Vision has been proposed to be integral in providing athletes with the necessary cues for spatial orientation through visual spotting (Davlin et al., 2001b) . However, empirical support for visual spotting is still limited, and gaps in the literature exist. Therefore, the goal of the current study was to investigate visual spotting in experts and apprentices as they perform a back aerial somersault under two different conditions (from a standing position with a constrained flight time and from some preparatory jumps with a flight time of 1 s) on the trampoline. We chose a condition with short flight duration to tie in with existing studies (i.e., Davlin et al., 2001a Davlin et al., , 2001b Luis & Tremblay, 2008) and to extend their results to a condition with higher movement dynamics with longer flight duration. We decided to recruit experts and apprentices to determine the influence of rotation experience on gaze and movement kinematics, and how athletes' gaze contributes to performance (cf., Vickers, 2007) .
We predicted that visual spotting would occur in both experts and apprentices under both experimental conditions (cf., Davlin et al., 2004; Hondzinski & Darling, 2001) . We expected the number of fixations during the somersault to be the same for experts and apprentices due to the mechanical constraints of the criterion movement (Raab et al., 2009 ). Nevertheless, because experts appear to optimize their visual information pickup in a wide variety of sports (cf., Williams & Davids, 1998) , we expected them to show higher fixation ratios in both experimental conditions compared with apprentices.
The back aerial somersault is characterized by clearly defined criteria for a successful execution (Arkaev & Suchilin, 2004) , so that both, experts and apprentices who are able to perform the movement should show no differences in kinematic parameters that are directly related to the constraints of the task in terms of successfully performing a somersault with a rule-adequate landing on both feet (Arkaev & Suchilin, 2004; Boone, 1976) . However, kinematic parameters that are not directly related to the constraints of the task are often profoundly distinct in athletes on different levels of expertise (Bates, 1996) . Therefore we predicted that kinematic parameters that are directly related to the constraints of the task (timestructure, moment of inertia, angular momentum) would not differ between experts and apprentices, whereas parameters that are not directly related to the constraints of the task would differ between experts and apprentices (landing deviation). We furthermore expected angular momentum and flight time to be different between the two experimental conditions, because a longer flight time, together with a similar movement pattern (tucking and extending the body) requires a smaller amount of angular momentum about the somersault axis and a longer duration of either tucking the body, extending the body, or both.
In addition, we explored correlations between gaze behavior parameters and kinematic parameters. More specifically, we expected, that athletes who show longer movement times exhibit a higher fixation ratio (cf., Hondzinski & Darling, 2001; Land & Furneaux, 1997) . We had no specific predictions on the other relationships between gaze and kinematic parameters. However, we analyzed them from an exploratory viewpoint to provide a clearer picture of how gaze is interconnected with the kinematics of the somersault (Raab et al., 2009) .
Method Participants
A sample of n = 20 participants was recruited to participate in this study. The apprentices in this study were n = 10 students of sport science (age: 22 ± 2 years) with trampolining experience gained from successful participation in the basic and advanced courses in trampolining of the German Sport University Cologne. They had an average training experience of at least 4 years and were able to perform a tucked back aerial somersault in combination with other basic and advanced skills. The experts in the current study were n = 10 active members of the German National Trampolining Team with at least 10 years training experience, and all of them reporting international experience, such as participation in a World Cup circuit of international competitions or World Championships (age: 23 ± 2 years). We decided to recruit experts and apprentices to determine the influence of expertise-based differences on gaze and movement kinematics, and how athletes' gaze contributes to performance (cf., Vickers, 2007) . All participants were informed about the purpose and the procedures of the study and gave their written consent before the experiment. The study was carried out according to the ethical guidelines and the approval of the German Sport University Cologne.
Task and Apparatus
Experimental Task. The experimental task was a tucked back aerial somersault on the trampoline that had to be performed either from a standing position with no preparatory jumps (short flight duration, or SFD condition) or after some preparatory jumps (long flight duration, or LFD condition) with a flight time of 1 s.
The somersault (see Figure 1 ) can be described by three movement phases; the take-off phase, the flight phase, and the landing phase. During the take-off phase, the athlete has to generate sufficient angular momentum (10) together with a sufficient vertical take-off velocity, which allows the athlete to have enough flight time (5) to perform a full body rotation about the transverse axis when airborne. The take-off phase differed between the SFD and the LFD condition. In the LFD condition, the take-off phase succeeded a preparatory jump, whereas in the SFD condition, the take-off phase had to be performed from a standing position with no preceding movements. The flight phase can further be subdivided in achieving the tucked position (2), remaining tucked (3) and extending the body (4). During the flight phase, the gymnast can modify his or her moment of inertia (7, 8, 9) to increase or decrease angular velocity. During the landing phase, the athlete reduces his or her angular momentum about the transverse axis to zero. The landing deviation (11) is defined as the geometrical displacement (in centimeters) between the take-off and landing position of the feet. The horizontal take-off velocity and the body posture determine the landing deviation during touchdown.
With the help of a biomechanist, a top-level gymnastics coach, and with regard to the movement phases of the somersault, we chose 11 kinematic parameters of the somersault that represent the most relevant criteria from a biomechanical point of view (Figure 1 ). These parameters are used to model somersault performance (Knoll, 1999) . They can furthermore be used to analyze somersault performance in terms of estimating the achievement of the movement goals, like generating sufficient angular momentum, obtaining enough flight time, performing a whole-body rotation during the flight phase, and landing on both feet. A detailed description of the analyzed kinematic variables is presented in the next section.
Movement Analysis
System. An optic movement analysis system with a sampling rate of 50 Hz was used to determine the movement kinematics on the basis of video sequences of all performed somersaults. Two digital video cameras were placed 15 m away from the trampoline and orthogonal to each other. The horizontal and vertical coordinates of 18 points (body landmarks) defining a 12-segment model of the human body (cf., Davlin et al., 2004; Yeadon, 2000) were recorded for each frame using the movement analysis software WINanalyze 3D (Mikromak, 2008) . Because a single somersault contains only regulatory movements of low frequency, a frame rate of 50 Hz was deemed as sufficient for the kinematic analysis of the somersault (Davlin et al., 2001a; Prassas, Kwon, & Sands, 2006 ). We applied a digital filter (cut-off frequency = 6 Hz) for data smoothing and calculated a mean temporal error of ±0.02 s and a mean spatial error of ±0.006 m. Body-segment parameters were calculated on the basis of the individual anthropometric properties of each participant (Yeadon & Morlock, 1989) . To evaluate the reliability of the 12-segment model, we calculated the vertical acceleration of one gymnasts' center of mass in the after flight of a somersault sequence that was recorded with the same camera setup as mentioned above. Because the vertical acceleration should represent the gravitational acceleration, it is seen as a reliable indicator to evaluate kinematic data (Enoka, 2002) . We calculated a value of g = −(9.807 ± 0.006) m/s 2 for vertical acceleration, which was not significantly different from the conventional standard value of g = −9.81 m/s 2 , t(5) = −0.6, p = .28, achieved power = .87.
We analyzed 11 kinematic parameters of the somersaults: The overall timing of the somersault is defined by the relative duration of the take-off phase (referred to as contact time) together with the relative durations of the three movement phases: 2) achieving the tucked position, 3) remaining tucked, and 4) extending the body, and the duration of the landing phase (referred to as landing time). Contact time in the LFD condition was defined as the duration from first the visible contact of the athletes' feet with the trampoline bed to the last visible contact of the athlete's feet with the trampoline. Because there were no preparatory jumps in the SFD condition, the contact time in the SFD condition was defined as the duration from the first visible downward movement of the athlete's feet with the trampoline bed to the last visible contact of the athlete's feet with the trampoline. The durations of the phases 2) achieving the tucked position, 3) remaining tucked and 4) extending body were calculated from the time-course of the moment of inertia about the transverse axis. Therefore we calculated the moment of inertia about the transverse axis (I T ) for each video frame for our 12-segment model using the basic equation (cf., Enoka, 2002) I i represents the segment i's moment of inertia about its transverse axis, m i is the mass of the segment i, and r i is the distance from the whole body's center of mass to segment i's center of mass. We compared the apparent length of each segment to the known length of the segment. Differences between both values indicated that the segment had been moved out of the sagittal plane, and the value of the segment's moment of inertia (I i ) was adjusted to allow for this deviation (cf., Hay, Wilson, & Dapena, 1977) .
The phase 2) achieving the tucked position was defined as the duration from the last visible contact of the gymnast on the trampoline to the minimum moment of inertia during the flight phase. The phase 3) remaining tucked was defined as the duration in which the moment of inertia about the transverse axis remained minimal. The phase 4) extending body was defined as the duration from increasing the moment of inertia about the transverse axis until touchdown of the gymnast on the trampoline bed. The flight time (5) was calculated by summing up the duration of the three movement phases 2) achieving the tucked position, 3) remaining tucked, and 4) extending body. The landing time (6) was defined as the duration from the first visible contact of the gymnast's feet with the trampoline bed after the flight phase of the somersault to the last visible contact of the gymnast's feet with the trampoline bed before a subsequent small final jump, which occurred in all participants to compensate the rebound effect of the trampoline during landing.
We calculated 3 parameters referring to the moment of inertia about the transverse axis, which can be used to model the gymnast's posture and thereby the strategy to increase or decrease angular velocity during flight: 7) moment of inertia during take-off, 8) moment of inertia when achieving the tucked position (minimum moment of inertia during the flight phase), and 9) moment of inertia at touch-down. The angular momentum about the transverse axis (H T , 10) determines the amount of rotation and was calculated following the basic equation where m i is the mass of the segment i, r i is the distance from the whole body's center of mass to segment i's center of mass, I i is the moment of inertia of the segment i about its transverse axis, ω i/CM is the angular velocity of the center of mass of segment i about the whole body's center of mass, and ω i is the angular velocity of segment i in the sagittal plane. In case that a segment had been moved out of the sagittal plane, we adjusted the value of the segment's moment of inertia (I i ) to allow for this deviation (cf., Hay et al., 1977) . Assuming that the angular momentum remained constant during the flight phase due to the physical relation between impulse and momentum (Enoka, 2002) , we averaged the angular momentum over its time course during the flight phase to obtain one final value for each somersault performance.
The values of the moments of inertia and the angular momentum were normalized to a body mass of 70 kg and a body height of 1.70 m to permit comparison among all participants (cf., Knoll, 1999; Kwon, 1996) . Finally, we calculated 2 parameters for the deviation from the middle of the trampoline bed during touch down (absolute error and constant error, 11, see Figure 1 ).
Eye Movement Recording System. We used a recently developed system to record eye movements (PS-Eye-2 System, Institute of Psychology, German Sport University Cologne; cf., Raab et al., 2009) . The system consists of a modified bicycle helmet with an attached wireless infrared miniature camera (approximate weight 250 g). The bicycle helmet is held in place with two chinstraps and another strap around the back of the head. While wearing the bicycle helmet, the participant is asked to wear safety glasses consisting of a polycarbonate pane and another soft strap. A miniature camera records images of the eyeball at a sampling rate of 50 Hz and can be synchronized with the WINanalyze 3D movement-analysis system. The eyeball is illuminated by two infrared diodes that create two reflection points on the cornea. The X-and Y-coordinates of both corneal reflection points, the centroid of the pupil, and another two reference points around the eyeball (tear sac and inner side of nasal bone) are digitized in a semiautomatic manner. From the coordinates of the reference points, camera movements that occur during complex movements are mathematically corrected. The rotation of the eyeball is calculated from the corneal reflection points and the centroid of the pupil.
Angular data of the eyeball are then integrated into the kinematic data from the movement analysis system and the current gaze direction is then superimposed on the digital video sequences of the somersaults. The eye movement measurement error is 0.5 degrees between -15 and +15 degrees of the visual field in the horizontal and the vertical directions and 1.0 degree between +15 to +30 and -15 to -30 degrees of the visual field in the horizontal and the vertical directions.
In this study we divided gaze behavior into two categories: (1) when the gaze is directed at a specific position for a minimum of 100 msec (fixation), and (2) when visual information is suppressed either by saccadic eye movements or when the eyeballs are covered due to eyelid closure (blinks). A fixation was operationally defined as any state in which the gaze remains stationary on one reference point for five video frames or longer (100 msec; Abernethy & Russell, 1987; Carl & Gellman, 1987) . During a back aerial somersault this may occur especially when the eyes rotate to compensate for rotations of the head to hold the gaze fixated on one reference point. Two independent and trained research assistants coded fixations and blinks frame by frame with the help of gaze profiles (cf., Vickers, 2007) . Interrater reliability was calculated at r = .92 (p < .05).
We calculated three parameters from the gaze behavior data: First, the number of fixations was directly determined from the gaze behavior protocols, indicating the absolute amount of fixations during the somersault. Second, the fixation ratio was defined as the summed fixation duration in a movement phase divided by the duration of the corresponding movement phase, indicating the relative amount of fixation in a given movement phase. Third, the blink ratio was calculated as the summed blink duration divided by the movement time before touch down (contact time and flight time).
Procedure
The experimental task was a tucked back aerial somersault on the trampoline that had to be performed either from a standing position with no preparatory jumps (short flight duration, or SFD condition) or after some preparatory jumps (long flight duration, or LFD condition) with a flight time of 1 s. A longer flight time, together with a similar movement pattern (tucking and extending the body) requires a smaller angular momentum about the somersault axis and a longer duration of either tucking the body, extending the body, or both.
Participants took off from the middle of the trampoline bed and were asked to land on the middle of the trampoline bed. The trampoline was arranged, as it would be in an international competition, with safety mats at each end as well as on both sides of the trampoline. Furthermore a trained coach was positioned on the cover of the safety frame of the trampoline to provide safety assistance if needed. Each participant was allowed 2 familiarization trials under each condition without equipment, and another 3 trials under each condition with the eye-tracking helmet. There was no time pressure in this study and each participant was allowed to take breaks as requested.
After the familiarization trials, the participants were asked to perform the experimental task under the two conditions, the SFD and the LFD. In the SFD condition, the somersaults were to be performed from a standing position with no preparatory jumps. In the LFD condition each participant was asked to perform a back aerial somersault with a flight time of approximately 1 s. To achieve this, a metronome was set to click with a rhythm of 1 Hz to help the gymnast estimate the time of flight. Participants were allowed to perform a maximum of seven initial bounces to attune their movements to the rhythm of the metronome.
In both conditions, the participants were instructed to perform one final vertical jump after the touch-down of the somersault and then stabilize their landing for at least 3 s. Each participant was asked to perform 5 back aerial somersaults in each condition for a total of 10 somersaults. Conditions were presented in a pseudorandom order, with the rule of not presenting a condition more than twice in a row.
Data Analysis
Reliability for each kinematic variable (Cronbach's alpha) was between .89 and .98. No significant differences were found between trials. Therefore all five trials in each condition were used for further data analysis. Landing deviation was found to have a positive value for all athletes, indicating that athletes who did not land on the middle of the trampoline bed showed a backward horizontal displacement from the take-off position. Therefore, both the constant error and the absolute error had the same magnitude and only the absolute error was used as an indicator for landing deviation.
A significance criterion of α = 5% was established for all results reported. We conducted separate 2 (Experimental Condition) × 2 (Expertise) univariate analyses of variance (ANOVAs) for each of the dependent variables to explore differences between experts and apprentices in movement kinematics as well as gaze variables (Knudson, 2009) . To control for the inflation of Type I error we calculated Holm's correction to adjust the critical p-value (Lundbrook, 1998 ). Cohen's f was calculated as effect size for all F-values larger than 1.0. Because inspection of descriptive statistics of blink ratio in experts revealed zero values, we compared blink ratios of apprentices to zero, calculating a one-sample t test. Cohen's d was calculated as effect size for the t tests. We conducted a post hoc power analysis on all reported results of F-and t tests. In an additional step, we conducted a correlation analysis, calculating Pearson product-moment correlation coefficients between the gaze variables and movement kinematics, to explore relationships between the two entities in experts and apprentices.
Results

Expertise and Condition-Dependent Differences in Gaze Behavior and Movement Kinematics
On the level of movement kinematics it was hypothesized that kinematic parameters that are directly related to the constraints of the task in terms of successfully performing a somersault (time structure, moment of inertia, and angular momentum) should not differ between experts and apprentices, whereas those that are not directly related to the task constraints (landing deviation) should differ. We expected angular momentum and flight time to be different between the two experimental conditions because of our experimental design.
The ANOVA revealed significant main effects of Experimental Condition for contact time, F(1, 18) = 11.23, p < .05, Cohen's f = 0.75, power = .98, angular momentum, F(1, 18) = 21.21, p < .05, Cohen's f = 1.08, power > .99, time to extend the body, F(1, 18) = 91.96, p < .05, Cohen's f = 2.51, power > .99, flight time, F(1, 18) = 110.85, p < .05, Cohen's f = 2.48, power > .99, and moment of inertia during touch-down, F(1, 18) = 72.07, p < .05, Cohen's f = 2.00, power > .99. Participants exhibited shorter contact time, smaller angular momentum, longer time to extend the body, longer flight time, and a larger moment of inertia during touch-down in the LFD condition.
We found a main effect of Expertise for landing deviation, F(1, 18) = 29.22, p < .05, Cohen's f = 1.27, power = .96, as well as significant interaction effects of Experimental Condition × Expertise for time to extend the body, F(1, 18) = 9.73, p < .05, Cohen's f = 0.73, power = .89 and moment of inertia during touch-down, F(1, 18) = 45.41, p < .05, Cohen's f = 1.58, power > .99 (Table 1) . Experts showed a smaller landing deviation than apprentices in both experimental conditions. They furthermore exhibited a shorter time to extend the body and a smaller moment of inertia during touch-down in the SFD condition, as well as a longer time to extend the body and a larger moment of inertia during touch-down in the LFD condition than apprentices.
On the level of gaze behavior, we predicted that visual spotting would occur in both experts and apprentices under both experimental conditions. Subsequently, we expected the number of fixations during the somersault to be the same for experts and apprentices due to the mechanical constraints of the criterion movement. Nevertheless, because experts appear to optimize their visual information pickup in a wide variety of sports, we expected them to show higher fixation ratios in both experimental conditions compared with apprentices.
There were no statistically significant differences in number of fixations between experts and apprentices in both conditions. However, number of fixations were dependent on flight time as revealed by a significant effect of Experimental Condition for number of fixations, F(1, 18) = 4.73, p < .05, Cohen's f = .51, power = .89. All participants exhibited at least one fixation during the somersaults, thereby showing visual spotting. However, participants also exhibited a slightly higher amount of fixations in the LFD condition.
The analyses furthermore revealed a significant main effect of Experimental Condition for fixation ratio during landing, F(1, 18) = 4.79, p < .05, Cohen's f = 0.52, power = .92, and significant main effects of Expertise for the fixation ratio during take-off, F(1, 18) = 6.40, p < .05, Cohen's f = 0.60, power = .84, and the fixation ratio during flight phase, F(1, 18) = 21.78, p < .05, Cohen's f = 1.09, power = .99. There was an additional interaction effect of Experimental Condition × Expertise for fixation ratio during flight, F(1, 18) = 5.13, p < .05, Cohen's f = 0.53, power = .99 (Table 2) . Experts showed higher fixation ratios during take-off and flight in both experimental conditions as compared with apprentices. Experts and apprentices exhibited higher fixation ratios during landing in the LFD condition than in the SFD condition. 0.10 ± 0.02 0.00 ± 0.00 0.06 ± 0.03 0.00 ± 0.00 a Fixation ratio was calculated with respect to the corresponding movement phases. b Experts showed no blinks in any of the trials. Blink ratios for apprentices were significantly different from zero in both the SFD and LFD condition. * Significant main effect of Experimental Condition (SFD vs. LFD condition, p < .05). + Significant main effect of Expertise (apprentices vs. experts, p < .05).
x Significant interaction effect of Experimental Condition × Expertise (p < .05).
We found that experts exhibited no blinks in any of the somersaults in either condition. Blink ratios for apprentices were significantly different from zero in both the SFD and LFD condition, t(9) = 4.92, p < .01, Cohen's d = 1.66, power = .94, and t(9) = 5.10, p < .01, Cohen's d = 1.50, power = .88, respectively.
Relationships Between Gaze Behavior and Movement Kinematics
We sought to explore correlations between gaze behavior parameters and kinematic parameters. More specifically, we expected, that athletes who show longer movement times exhibit a higher fixation ratio. However, we had no specific predictions on the other relationships between gaze and kinematic parameters, and analyzed them from an exploratory viewpoint to provide a clearer picture of how gaze is interconnected with the kinematics of the somersault.
Therefore we calculated Pearson product-moment correlation coefficients between kinematic parameters and parameters of gaze behavior. We found four significant correlations for apprentices (Table 3 ) and nine significant correlations for experts (Table 4) . Apprentices' fixation ratio during landing was negatively correlated with contact time on the trampoline bed and landing deviation, indicating that apprentices who showed a higher fixation ratio during landing had a shorter contact time during take-off and a smaller landing deviation. Apprentices who had a higher blink ratio exhibited longer contact times and shorter durations to extend their body during flight.
Experts' number of fixations was negatively correlated with duration of remaining in the tucked position, indicating that experts, who showed more fixations, remained shorter in the tucked position. Experts who exhibited a higher number of fixations also showed longer durations to extend their body, and a smaller angular momentum about the transverse axis. The Experts' fixation ratio during take-off was positively correlated with moment of inertia during landing, indicating that experts who fixated longer during take-off exhibited a larger moment of inertia at touch-down (Table 4) . Experts who exhibited a higher fixation ratio during flight showed a longer duration to extend their body, a longer flight time, and a smaller angular momentum. Furthermore, experts who exhibited a higher fixation ratio during landing showed a larger moment of inertia when tucked, and a larger landing deviation.
Discussion
The goal of the current study was to investigate the visual spotting hypothesis in gymnasts as they perform a whole body movement (back aerial somersault) on the trampoline. We approached this goal by asking participants with different amounts of rotation experience (experts and apprentices) to perform back aerial somersaults on a trampoline from a standing position (SFD condition) and from initial bounces with a flight time of 1s (LFD condition). The back aerial somersault is characterized by clearly defined criteria for a successful execution (Arkaev & Suchilin, 2004) , and we predicted that kinematic parameters that are directly related to the constraints of the task would not differ between experts and apprentices, whereas parameters that Table 3 Correlations between number of fixations, fixation ratio as well as blink ratio, and movement kinematics for apprentices (n = 10). are not directly related to the constraints of the task would differ between experts and apprentices. In line with our prediction, we found that experts exhibited a smaller landing deviation from the middle of the trampoline bed than apprentices, whereas other kinematic parameters such as contact time or angular momentum were dependent on experimental condition but not on participant's expertise. We furthermore predicted that visual spotting would occur in both, experts and apprentices under both experimental conditions. In particular, we expected the number of fixations during the somersault to be the same for experts and apprentices due to the mechanical constraints of the criterion movement. Nevertheless, because experts appear to optimize their visual information pickup in a wide variety of sports, we expected them to show higher fixation ratios in both experimental conditions compared with apprentices. Based on the results of this experiment, it can be concluded that experts as well as apprentices can use visual spotting during all three phases of the somersault, because they show distinct fixations in all three phases. This conclusion provides support for the speculation of Davlin et al. (2004) , who stated "It therefore, appears that spotting may be possible during a back tuck somersault" (p. 72). The Number of fixations, however, was dependent on the experimental condition. Fixations to informational areas that are relevant for movement control when specific constraints are met could be part of a perceptual strategy to control somersaults (Pelz & Canosa, 2001 ). Due to the constraints of the criterion movement, the possible number of fixations is reduced, so that the athlete is not able to exhibit more than two or three fixations during each movement phase. An optimization of visual information pickup is only possible to extend the fixation duration, thereby showing a higher fixation ratio (Luis & Tremblay, 2008) .
Experts exhibited higher fixation ratios during take-off and flight than apprentices, whereas the contact time and flight time did not differ among participants. A higher fixation ratio in the same movement time is an optimization strategy for visual information pickup (Vickers, 2007; Williams & Davids, 1998) . Optimized visual information pickup could in turn lead to optimized movement planning and regulation (Land & Furneaux, 1997) , such that an optimization of angular momentum and vertical take-off velocity during take-off occurs, and that the landing deviation after the flight phase is reduced. This occurs even when the time of flight is delimited by the experimental condition. Experts showed a smaller landing deviation, a shorter time to extend their body in the SFD condition, and a smaller moment of inertia during touchdown in the SFD condition when compared with apprentices. It seems likely that vision might improve performance parameters related to take-off velocity (which enables the athlete to have enough flight time), because velocity information is available more directly through vision than through mechano-receptors or otoliths (Lee et al., 1992) . Fixation ratio during take-off is furthermore related to moment of inertia during landing in experts but not in apprentices, supporting a type of anticipative behavioral control in experts (cf., Bardy & Laurent, 1998) , so that they regulate their moment of inertia during touchdown with regard to their visual information pickup during take-off.
The Fixation ratio during flight was larger for apprentices and experts in the LFD condition than in the SFD condition, and also related to participants' expertise level. During flight, the trajectory and the rotational potential are determined from the take-off. The athlete has to regulate his or her moment of inertia in such a way that a landing on both feet occurs (Arkaev & Suchilin, 2004) . Fixation ratio during flight was related to angular momentum and time to extend the body in experts but not in apprentices, suggesting that experts regulate their time to extend their body on the basis of their visual information pickup during flight, given a defined angular momentum. Picking up visual information during flight could help the athlete to estimate his or her current body orientation in space, because when the head moves and rotates in relation to a stable environment during a fixation, the eyes counter-rotate with respect to the head. The muscle spindles of the eye can provide additional information about the current body orientation and rotation in space (Latash, 2008) , so that the athlete can optimize his or her moment of inertia with respect to an anticipated landing posture (Yeadon, 2000) .
Fixation ratio during landing was related to the experimental condition, such that participants exhibited a higher fixation ratio in the LFD condition. This effect can be explained by the condition's longer flight duration (Yeadon, 2000) . Fixating during landing preparation could provide the athletes with time-to-contact information, necessary to prepare them for landing on the trampoline bed (Hondzinski & Darling, 2001; Lee et al., 1992) . In particular, one may speculate, that experts evaluate the landing deviation in a different way than apprentices. One fruitful strategy to estimate the landing deviation could be to integrate proprioceptive information, like perceived body position on the trampoline bed, with visual information during landing to prepare a subsequent skill or to perform an optimal landing. This strategy may be useful for experts and appropriate to adapt for apprentices because one goal in trampolining is to minimize the landing deviation in each particular skill.
Experts exhibited no blinks in any of the somersaults in either condition, whereas blink ratios for apprentices were significantly different from zero in both the SFD and LFD condition. During blinks the eyelid covers the eyeball so that visual information pickup is suppressed (Vickers, 2007) . When the eyes are open, peripheral vision could provide cues as to one's orientation in space even during head velocities that would prohibit the vestibulo-ocular reflex (cf., Roy & Tomlinson, 2004 ) from allowing the eyes to focus on stationary environmental cues (Bardy & Laurent, 1998; Davlin et al., 2001a; Hondzinski & Darling, 2001) . If visual information pickup is suppressed during a blink, the athlete has to rely on other sources of sensory information to estimate current body orientation in space. Blink ratio was related to contact-time and time to extend the body in apprentices, suggesting that blink ratio was influenced by take-off and resulted in a different time to extend the body.
We are aware of some critical issues within the experiment that need to be taken into account and want to highlight three specific aspects. First, we decided to compare apprentices and experts and to hold constant as many kinematic attributes as possible to determine the extent to which the athletes' gaze contributes to performance. However, the task we chose was a rather simple one for rotationtrained athletes that is generally acquired early in the training process. It could be fruitful to assess athletes' gaze behavior in more complex tasks or in tasks with a different structure but similar movement components, evaluating the assumption that motor actions and corresponding eye movements are integrated into distinct action modules (Land & Furneaux, 1997) . Furthermore, we recruited a rather small sample of n = 20 participants (n = 10 apprentices and n = 10 experts). We acknowledge that this is a potential limitation with regard to the generalization of our results. However, a power analysis on our results revealed that the average power for all significant results was above .80, which we assume as sufficient given the design of our study (cf., Cohen, 1988) . Second, we did not manipulate visual information pickup but analyzed athletes' gaze behavior in a natural environment, to better understand how gaze behavior contributes to movement execution in complex movements. Manipulating visual information pickup while concurrently measuring gaze behavior is one future goal of our research strategy. This could reveal if manipulating vision leads to an adaptive gaze behavior, thereby masking the effect of the visual manipulation. Third, we acknowledge, that the correlative relationships we found, may not be interpreted in a causative manner. Nevertheless, these correlations may serve in the generation of new hypothesis when assessing the interaction of gaze and movement behavior in gymnasts.
There are some practical consequences and implications of the study conducted so far. We showed that athletes use visual spotting in all movement phases of a back aerial somersault. Assuming that athletes can extract information about their angular velocity by fixating their gaze on distinct areas, the coach should encourage learners to intentionally use visual spotting in the acquisition of a backward somersault, because additional empirical evidence from easy tasks suggests that nearly all fixations are task related and only a small fraction (about 5%) are irrelevant (Land et al., 1999) . Furthermore, learners should be instructed to reduce the number of blinks during a somersault. Even if the gaze is not fixated, it can be assumed that the athlete will pick up rotational information if the eyeball is fixated during a position of maximum rotation (Bardy & Laurent, 1998 ; cf., Figure 1 ). We conclude that knowledge about gaze-movement relationships may help coaches develop specific training programs in the learning process of the back aerial somersault.
